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Techn ica l  Memorandum W6137-3 
MEASUREMENT OF LUMINESCENCE BY 
THE FRAUNHOFER LINE DEPTH METHOD 
1. INTRODUCTION 
"The Method of  L i n e  Depths ,"  (Kopal, 1962) has  been 
used  s u c c e s s f u l l y  by as t ronomers  i n  measuring t h e  luminescence 
of v a r i o u s  a r e a s  o f  t h e  l u n a r  s u r f a c e  w i t h  Ea r th -based  t e l e -  
s c o p e s .  To a p p l y  t h i s  t echn ique  from a l u n a r  o r b i t a l  s a t e l l i t e  
seems a l o g i c a l  e x t e n s i o n  of an a l r e a d y  success fu l  approach  
p e r m i t t i n g  a more comprehensive s t u d y  o f  t h e  l u n a r  s u r f a c e .  
The p o s s i b i l i t y  o f  a c l o s e  up s t u d y  of t h e  s u r f a c e  from l u n a r  
o r b i t  s h o u l d  g r e a t l y  i n c r e a s e  t h e  d e t e c t i v i t y  o f  small l u m i n e s -  
cen t  a r e a s  which would no t  be v i s i b l e  from t h e  E a r t h .  
The p o s s i b i l i t y  o f  a l a r g e  s c a l e  su rvey  o f  t h e  E a r t h ' s  
s u r f a c e  f o r  luminescence from a i r c r a f t  i n i t i a l l y ,  and perhaps  
s p a c e c r a f t ,  a l s o  appea r s  worthy o f  i n v e s t i g a t i o n .  However, 
t h e  atmosphere g r e a t l y  a t t e n u a t e s  u l t r a v i o l e t  r a d i a t i o n  
r e a c h i n g  t h e  s u r f a c e  and t h e  ozone l a y e r  c u t s  o f f  a l l  W 
below 3000 A .  N e v e r t h e l e s s ,  t h e r e  a r e  a l a r g e  number of 
mater ia ls ,  bo th  i n o r g a n i c  and o r g a n i c ,  which a r e  s t i m u l a t e d  t o  
luminesce  by t h e  s o l a r  u l t r a v i o l e t  s t r i k i n g  t h e  E a r t h .  
example,  phosphate  r o c k ,  -some e v a p o r i t e  d e p o s i t s ,  b o r a t e  
m i n e r a l s ,  and hydrocarbons are commonly luminescent  (Hemphill  
0 
For 
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1 
and V i c k e r s ,  1966) .  The emiss ion  bands f o r  t h e s e  and o t h e r s  
o c c u r  i n  l i m i t e d  r e g i o n s ,  between 3000 A - 8000 A. 
o r g a n i c s ,  f o r  example,  c o n s i d e r a b l e  a t t e n t i o n  has  been d i r e c t e d  
0 0 
Among t h e  
t o  t h e  u s e  o f  t h e  luminescent  dye ,  rhodamine '  B (C28H3, N203Cl) 
which has  been used  as a t r a c e r  f o r  mon i to r ing  t h e  d i s p e r s a l  
of i n j e c t e d  contaminants  and  r a t e  o f  f low o f  r i v e r s ,  and 
l a k e  and ocean c u r r e n t s .  This  s u b s t a n c e  has  an a b s o r p t i o n  
band which peaks n e a r  5500 A , and emits ove r  a band peaking  
a t  abou t  5800 A w i t h  e f f i c i e n c i e s  i n  e x c e s s  of 69 p e r c e n t  i n  
0 
0 
o r g a n i c  s o l v e n t s  (Under f r i end ,  p .  1 9 ,  1962) .  Analogous t o  t h i s  
a p p l i c a t i o n ,  one may a l s o  be a b l e  t o  d e t e c t  and map t h e  
p re sence  o f  such o r g a n i c s  a s  c h l o r o p h y l l  - a which luminesces  
i n  t h e  deep r e d s ,  peaking  near  6600 A ,  a l t h o u g h  t h e  luminescence 
0 
e f f i c i e n c y  of t h i s  s u b s t a n c e  i s  v e r y  l o w .  
I n  o r d e r  t o  d e f i n e  problems a s s o c i a t e d  w i t h  d e t e c t i n g  
s o l a r  s t i m u l a t e d  luminescence o f  n a t u r a l  m a t e r i a l s ,  i t  was 
proposed  t h a t  a g r a t i n g  spec t romete r  be  used t o  d e t e c t  
luminescence o f  s e l e c t e d  mine ra l s  exposed t o  t h e  Sun. A 
number o f  m i n e r a l s  known t o  luminesce  were s u p p l i e d  by USGS. 
Th i s  r e p o r t  d e s c r i b e s  t h e  expe r imen ta l  t e c h n i q u e  and r e s u l t s  
of tes ts  on t h r e e  of  t h e s e  samples:  
(Ca2B6olle5H20) , and phosphate  r o c k .  
c a l c i t e  (CaC03), c o l e m a n i t e  
2.  TECHNICAL DISCUSS I O N  
2 . 1  Line  Depth Method 
The d e t e r m i n a t i o n  of luminescence by t h e  method of  
l i n e  d e p t h s  i s  based  on obse rvab le  changes i n  t h e  s p e c t r a l  
I, I I T  R E S E A R C H  I N S T I T U T E  - -  . 
2 
I .  
p r o f i l e s  o f  F raunhofe r  l i n e s  i n  s u n l i g h t  i n c i d e n t  on a s u r f a c e  
which  r e f l ec t s  and i s  a l s o  e x c i t e d  t o  luminescence .  
Absorp t ions  i n  t h e  s o l a r  a tmosphere  p r o v i d e  a number o f  
F r a u n h o f e r  l i n e s  which are u s e f u l  f o r  d e t e r m i n a t i o n  o f  s u r f a c e  
luminescence  (Tab le  1). A narrow p o r t i o n  o f  t h e  i n c i d e n t  
s o l a r  spec t rum i s  i l l u s t r a t e d  i n  F i g u r e  l A ,  and shows a n  
i d e a l i z e d  a b s o r p t i o n  l i n e  p r o f i l e  (-1-20 A wide) .  The s o l a r  
0 
spec t rum r e f l e c t e d  from t h e  E a r t h ' s  s u r f a c e  would show t h e  same 
l i n e  p r o f i l e  b u t  w i t h  a n  o v e r a l l  r e d u c t i o n  i n  i n t e n s i t y .  f 
.. 
T h e r e f o r e ,  t h e  measured r a t i o  o f  t h e  minimum i n t e n s i t y  t o  t h a t  
a t  t h e  s h o u l d e r  o r  continuum, Rs, i s  c o n s t a n t  f o r  b o t h  i n c i d e n t  
and  p u r e l y  r e f l e c t e d  l i n e  s p e c t r a .  When a m a t e r i a l  i s  
s t i m u l a t e d  t o  luminesce  by s o l a r  e n e r g y  a t  wave leng ths  s h o r t e r  
t h a n  t h e  F raunhofe r  l i n e ,  p a r t  of t h i s  emit ted r a d i a t i o n  
w i l l  b e  p r e s e n t  i n  t h e  narrow s p e c t r a l  r e g i o n  i l l u s t r a t e d  i n  
F i g .  1 A .  Over t h i s  narrow band, one c a n  p r a c t i c a l l y  assume 
a f l a t  luminescence  spec t rum (Kopal ,  p .  391, 1962) a s  i l l u s -  
t r a t e d  i n  F i g .  1B .  A s p e c t r o m e t e r  o r  radiom'eter d e s i g n e d  t o  
c o l l e c t  o n l y  r a d i a t i o n  i n  t h e  s p e c t r a l  r e g i o n  a b o u t  a g i v e n  
F r a u n h o f e r  a b s o r p t i o n  l i n e ,  w i l l  d e t e c t  b o t h  r e f l e c t e d  and  
luminescen t  c o n t r i b u t i o n s  from t h e  s u n l i t  m a t e r i a l .  The r e s u l -  
t a n t  ene rgy  obse rved  is  s imply  t h e  sum o f  t h e  t w o  c o n t r i b u t i o n s .  
The l i n e - d e p t h  method r e q u i r e s  two l i n e - p r o f i l e  
measurements .  One measurement samples  t h e  d i r e c t  s u n l i g h t  i n  
and  a d j a c e n t  t o  a s e l e c t e d  F raunhofe r  l i n e  and  e s t a b l i s h e s  
I l f  R E S E A R C H  I N S T I T U T E  
: 
3 
T a b l e  1 
I .  
* .  
. .  
. ”  
FMVNHOFER LINES I N  THE NEAR ULTRAVIOLET AND 
VISIBLE REGIONS OF THE SPECTRUM, SUITABLE FOR 
OBSERVATION BY THE LINE DEPTH METHOD 
L ine  Co lo r  Wavelength Source  
C r ed -o range  
ye 1 low 
D2 ye l low 
F b l u e  
G v i 0  l e t  
H deep v i o l e t  
K deep  v i o l e t  
Dl 
0 
6563 A 
5896 1 
5890 i 
4 8 6 1  i 
4340 i 
3968 i 
3934 i 
Hydrogen 
Sodium 
Sodium 
Hydrogen 
Hydrogen 
Calcium 
Calcium 
. -  
I- 
f: 
1. 
1. 
0 I l T  R E S E A R C H  I N S T I T U T E  
4 
W 
t9 z 
Q 
I u 
I- a 
W a 
W z 
-I 
r 
- 
W 
0 
Z 
W 
3 
J 
+ 
z 
c 0 
v w 
-I 
LL 
W 
W 
U 
3 
a 
n 
a* 
A 
IIE a 
A l I S N 3 1 N I  
SI1 N n AUVgl  I 8 Id W - A 1 I S N31NI 
t 
x 
ci 
t 
x 
m 
t 
x 
5 
ti 
W a 
3 
v) a 
W 
2 
n z a 
m 
3 
0 
€K a z 
W 
I 
t- 
w > 
0 
t- 
J 
L 
> 
J 
-I 
t- z 
W 
v) 
v) 
W 
a 
a 
a - 
v, 
5 
3 
K 
t- u 
W 
h 
v, 
W u z 
W 
o 
v, 
W z 
I 
3 
J 
- 
m 
W O  
-It- 
LL 
0 
-r 
L z 
3 a 
U 
LL 
LL 
0 
W 
-I a 
W 
E 
LL 
I .  
t o  t h e  I s m ,  t h e  r a t i o ,  R,, o f  t h e  m i n i m u m  c e n t r a l  i n t e n s i t y ,  
s h o u l d e r  i n t e n s i t y ,  Ism (F ig .  1). The o t h e r  measurement 
e s t a b l i s h e s  a s i m i l a r  r a t i o ,  R,, f o r  r a d i a t i o n  r e f l e c t e d  and 
e m i t t e d  from a s u r f a c e  i l l u m i n a t e d  by t h e  Sun (Ism/Ism). 
Luminescence i s  i n d i c a t e d  i f  Rm i s  grea te r  t h a n  Rs. 
D e f i n i n g  luminescence by ( F i g .  l), 
and s i n c e ,  
t h e n ,  
o r  
I = I  + I 1  mm s m  
E q u a t i o n  ( 4 )  p o i n t s  o u t  t h a t  t h e  l i n e  d e p t h  method p r o v i d e s  
a simply-computed value of luminescence  f o r  e a c h  a b s o r p t i o n  
l i n e  p r o f i l e  b e i n g  s p e c t r a l l y  scanned  from a g i v e n  s u n l i t  
mater ia l .  It i s  s i g n i f i c a n t  t o  n o t e  t h a t  a b s o l u t e  c a l i b r a t i o n  
o f  minima and maxima v a l u e s  a re  n o t  r e q u i r e d  b u t  o n l y  t h e  
L 
r a t i o s  o f  t h e s e  need t o  be de te rmined .  
2 .2  Exper imen ta l  System 
I n  o r d e r  t o  examine t h e  luminescence  of samples ,  t h e  
o p t i c a l  sys t em shown s c h e m a t i c a l l y  i n  F i g u r e  2 was s e t  up.  
The s u n l i g h t  was. c o l l e c t e d  by t h e  Sun t r a c k i n g  h e l i o s t a t  
I I T  R E S E A R C H  I N S T I T U T E  
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1. 
r e p r e s e n t e d  by f l a t  m i r r o r s  ml and m2 where m1 i s  d r i v e n  by 
a c l o c k  i n  o r d e r  t o  keep t h e  Sun c o n s t a n t l y  c e n t e r e d  on m i r r o r  
The l i g h t  was r e f l e c t e d  v e r t i c a l l y  downward t o  t h e  sample 
by m i r r o r  m3, and s c a t t e r e d  i n t o  t h e  e n t r a n c e  s l i t  o f  an E b e r t  
monochromator (Jarrell  Ash Model 82-000). L i g h t  from t h e  
monochromator e x i t  s l i t  was c o l l e c t e d  by a m u l t i p l i e r  pho to tube  
( E . M . I .  9558). The o u t p u t  of t h e  m u l t i p l i e r  a f t e r  a m p l i f i c a -  
t i o n  w i t h  an e l e c t r o m e t e r  ( K e i t h l e y  Model 110) was reco rded  w i t h  
a n  x -y  pen r e c o r d e r .  
and wavelength ,  scanned a s  a f u n c t i o n  o f  t ime ,  on t h e  "x" 
a x i s .  
d r i v e n  t i l t i n g  g r a t i n g )  wh i l e  x was i n c r e a s e d  l i n e a r l y  w i t h  
t i m e ,  r e s u l t i n g  i n  a s p e c t r a l  p l o t .  Tha t  i s ,  i n t e n s i t y  was 
r e c o r d e d  a s  a f u n c t i o n  o f  wavelength g i v i n g  sample t r a c e s  
such  a s  shown i n  F i g u r e s  3 ,  4 ,  and 5. 
m2 
The s i g n a l  was p l a c e d  on t h e  "y" a x i s  
The monochromator was scanned through t h e  l i n e  (motor 
Samples were examined a s  f o l l o w s :  The Sun was a l lowed  
t o  f a l l  f i r s t  on a n  aluminum s u r f a c e  c o a t e d  w i t h  magnesium 
o x i d e  and t h e  spec t rum scanned through t h e  d e s i r e d  F raunhofe r  
l i n e  and  r e c o r d e d ;  this prov ides  t h e  l i n e  spec t rum r e c o r d  
from which Rs i s  c a l c u l a t e d .  
f o r  t h e  MgO and a g a i n  scanned and r e c o r d e d ,  from which Rm 
i s  c a l c u l a t e d .  
t h e  Rm and Rs v a l u e s  d e r i v e d  from t h e  r e c o r d i n g s  d e s c r i b e d  
above. 
The sample was t h e n  s u b s t i t u t e d  
The luminescence "p" i s  t h e n  computed u s i n g  
I- '-. 
1 
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FIGURE 4. H-LINE PROFILES RECORDED FOR COLEMANITE SAMPLE AND 
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A. SOLAR REFERENCE 
D. PHOSPHATE SAMPLE 
ZERO INTENSITY LEVEL 
x----s 
FIGURE 5 .  H-LINE PROFILES RECORDED FOR PHOSPHATE SAMPLE AND 
SOLAR REFERENCE. 
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2.3 D i s c u s s i o n  o f  Exper imen ta l  R e s u l t s  -
S i n c e  t h e  purpose  o f  t h e  expe r imen t  was mere ly  t o  show I 
8 
8 
' I  
i 
t h e  f e a s i b i l i t y  and  expose some o f  t h e  d e s i g n  c o n s t r a i n t s  
f o r  d e t e c t i n g  1.uminescence by t h i s  t e c h n i q u e  i t  was l o g i s t i -  
c a l l y  c o n v e n i e n t  t o  per form t h e  measurements a t  I I T R I  l a b o r a -  
t o r i e s  i n  Chicago.  However, Chicago i s  an i n d u s t r i a l  a r e a  
where t h e  a tmosphere  i s  g e n e r a l l y  hazy and some d r i f t i n g  
c l o u d s  a r e  u s u a l l y  p r e s e n t ;  c o n s e q u e n t l y ,  s o l a r  u l t r a v i o l e t  
l eve l s  a re  l i k e l y  t o  be ve ry  much lower t h a n  i n  t h e  s o u t h -  
w e s t e r n  U. s . ,  f o r  example. The p e r c e n t  luminescence  i s  a 
f u n c t i o n  o f  t h e  u l t r a v i o l e t  i r r a d i a t i o n  i n  t h e  a b s o r p t i o n  
band o f  t h e  sample;  t h e r e f o r e ,  t h e  r e s u l t s  o b t a i n e d  i n  t h i s  
s t u d y  a r e  c o n s e r v a t i v e  and not  t o  be t a k e n  a s  a measure o f  t h e  
a b s o l u t e  luminescence  o f  t h e  samples  under  more n a t u r a l  ou tdoor  
con .d i t i ons .  
I 
I n  a d d i t i o n  t o  t h e  r e l a t i v e l y  l o w  W l e v e l s  of  e x c i t a -  
t i o n  i n t r o d u c e d  by haze  and  c l o u d s ,  c o n t i n u o u s  v a r i a t i o n  i n  
s o l a r  b r i g h t n e s s  and  u l t r a v i o l e t  i n t e n s i t y  was obse rved  r e s u l t i n g  
i n :  (1) a g r a d u a l  change of i n p u t  s i g n a l  l e v e l  d u r i n g  t h e  
t i m e  r e q u i r e d  t o  s p e c t r a l l y  s c a n  a l i n e  (10 t o  30 seconds )  and ,  
(2 )  e x c e s s i v e  s h o r t - t e r m  f l u c t u a t i o n s ,  1 t o  5 c y c l e s / s e c o n d ,  
8. 
I 
p r o v i d i n g  "noise"  which was a p p a r e n t l y  due t o  low d e n s i t y ,  
r a p i d l y  s h i f t i n g  c l o u d s  a t  h igh  a l t i t u d e .  Data was r e t a i n e d  
o n l y  when long- te rm d r i f t  and s h o r t - t i m e  f l u c t u a t i o n s  were a t  
a minimum. The l i m i t a t i o n s  i n d i c a t e  t h e  need  f o r  s p e c t r a l  I 
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s c a n  r a t e s  of  t h e  o r d e r  o f  0 . 2  t o  1 second / scan  o r  l ess  where 
o b s e r v a t i o n s  a r e  made from s t a t i o n a r y  s e t  ups .  
f a s t e r  s c a n r a t e s  would be r e q u i r e d  from l o w - f l y i n g  a i r c r a f t  
i n  o r d e r  t o  r e d u c e  ground a r e a  i n t e g r a t e d  by t h e  i n s t r u m e n t  
d u r i n g  a s i n g l e  s c a n ; )  
( S i g n i f i c a n t l y  
The s p e c t r o m e t e r  u t i l i z e d  was t h e  o n l y  i n s t r u m e n t  
immedia te ly  a v a i l a b l e .  
i n c l u d e  a 50 x 50 mm. g r a t i n g  (300 l ines/mm) w i t h  a co l l . ima to r  
f o c a l  l e n g t h  o f  1 / 2  meter.  
t h e  i n s t r u m e n t  was used  i n  t h e  2nd o r d e r .  The r e s o l u t i o n  was 
approx ima te ly  . 5 A  which i s  adequa te  f o r  t h e  H and K l i n e s  o f  
c a l c i u m  (Table  l), however, f o r  a l l  o t h e r  F raunhofe r  l i n e s ,  
Op t i c s  were a p p r o x i m a t e l y  F /11  and 
Because o f  o p t i c a l  l i m i t a t i o n s ,  
s p e c t r o m e t e r  r e s o l u t i o n  was t o o  low t o  a d e q u a t e l y  d e f i n e  l i n e  
d e p t h .  For  G & D l i n e s  ( T a b l e  1) t h e  r a t i o  o f  c e n t r a l  i n t e n s i t y  
t o  s h o u l d e r  were o n l y  abou t  one h a l f  t h a t  o b s e r v a b l e  w i t h  an 
i n s t r u m e n t  of h i g h e r  r e s o l u t i o n .  Th i s  r e s u l t e d  i n  v e r y  low 
d e t e c t i v i t y  f o r  luminescence a t  t h e s e  wave leng ths .  
F i g u r e s  3 ,  4 ,  and 5 show r e c o r d e d  s p e c t r a  o f  t h e  H 
0 
l i n e  of ca l c ium,  3934 A ,  for  t h e  c a l c i t e ,  c o l e m a n i t e  and 
phospha te  r o c k  samples  a l o n g  w i t h  t h e  magnesium o x i d e  s t a n d a r d .  
A r e f l e c t i n g  s t a n d a r d  was used i n s t e a d  o f  t h e  d i r e c t  Sun 
because  i t  c o u l d  be r e a d i l y  s u b s t i t u t e d  f o r  t h e  sample.  
luminescence  o f  t h e  MgO s t a n d a r d ,  t h a t  may have  been p r e s e n t ,  
Any 
was assumed t o  be t o o  sma l l  t o  b e  d e t e c t e d  by t h e  i n s t r u m e n t .  
Use o f  a p u r e l y  r e f l e c t i n g  s t a n d a r d  h a v i n g  t h e  same s i z e  and  
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and  s h a p e  a s  t h e  samples  i n s u r e c  t h a t  t h e  same f r a c t i o n  o f  
i l l u m i n a t i o n  from t h e  sky  was  r e c e i v e d  i n  measur ing  t h e  s o l a r  
and  sample l i n e  p r o f i l e s .  This  e l i m i n a t e d  t h e  e f f e c t  o f  
f l u o r e s c e n c e  from t h e  atmosphere ( i f  i t  d i d  indeed  e x i s t ) .  
The r e l a t i v e  d i f f e r e n c e s  i n  a b s o l u t e  l e v e l s  between t h e  l i n e  
p r o f i l e  o f  a sample and i t s  s o l a r  r e f e r e n c e  (on any one f i g u r e )  
a r e  n o t  t o  be t a k e n  a s  a b s o l u t e  d i f f e r e n c e s  because  t h e  
a m p l i f i e r  g a i n  s e t t i n g  was a d j u s t e d  between sample and  
r e f e r e n c e  r u n s  f o r  convenience  d u r i n g  r e c o r d i n g .  S i n c e  o n l y  
t h e  r a t i o  of minimum t o  continuum l e v e l  i s  o f  i n t e r e s t ,  t h e  
a b s o l u t e  g a i n  s e t t i n g  used  du r ing  any one s p e c t r a l  s c a n  i s  
i m m a t e r i a l  p r o v i d i n g  i t  remains c o n s t a n t  d u r i n g  t h e  r u n .  It 
i s  n o t e d  t h a t  a q u a l i t a t i v e  e s t i m a t e  o f  luminescence  by 
v i s u a l  comparison o f  t h e  s a m p l e / s o l a r  r e f e r e n c e  l i n e  p r o f i l e s  
i s  d i f f i c u l t  and  mean ingfu l  r e s u l t s  a r e  b e s t  d e r i v e d  by p r e c i s e  
measurement o f  t h e  r e c o r d e d  min/max v a l u e s .  
. 
Table  2 summarizes t h e  d a t a  o b t a i n e d  on t h r e e  samples ,  
u s i n g  a 10" f i e l d  o f  view about  t h e  Sun. F i g u r e s  3 ,  4 ,  and  5 
p r e s e n t  p a r t  of t h e  raw d a t a  c o l l e c t e d  f o r  t h e  €1 l i n e  o f  
c a l c i u m ;  t h e s e  and  s i m i l a r  d a t a  were u s e d  t o  p r e p a r e  T a b l e  2 .  
Four  r e p e a t e d  s p e c t r a l  s c a n s  were made on a g i v e n  sample a t  
each  F raunhofe r  l i n e  r e p o r t e d .  The e r r o r s  i n d i c a t e d  were 
c a l c u l a t e d  o n  t h e  b a s i s  .of t h e  e q u a t i o n  f o r  p r o b a b l e  e r r o r  from 
G r a i n g e r  and Ring . O f  t h e  t h r e e  samples ,  o n l y  c a l c i t e  1 
- 
' (Kopal, 1962)  pg. 397 ,  eq. ( 8 ) .  
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T a b l e  2 
SP2IPLE LUMl.NESCl<NCE (-IO0 Y--u__.-.- FIELD OF -.---_~ VIEW - SIJN -4- SKY) -.- ---. cl--cII-c 
Data of J u n e  1.0, 1966 - Chicago Area 
G o  
4 34 OA 
. 0 0 5 t .  023  
- ---- ---.__--- 
-.. 
~ 0 0 2 f . 0 2 3  
Sam 13 1 e --
-I__-- 
-- 
D o  
589312 ___ 
0.026-k. 036 
- I 
0.006+.041 
C a l c i t e  
.0042.017 
Co leman - 
i t e  
+ - .  01.2-. 027 Phosphatc 
Colemanite .  
K 
. 3934 i  - -- 
0622,016 
015-t. 017 
+ 043-.  003 .023+. 004 
H o  
396812 I-- 
+ .015- .004 
056-1'. 02 
-- 
+ -.02- .01  
0272.013 
T005t .  006 
0 1 6 t .  012 
, 03 f .  015 Phosphate  
+ . 03 l% 002 .012- .  002 
Table 3 
SAMPLE LIJMINESCENCE (FIELD OF VIEW - SOLAR -- I I M A G E  -_c ONLY) 
Data  of  J u n e  1 0 ,  1966 - Chicago Area 
I I C a l c i t e  /.049*.005 I .034+.002 
G I D  
004%. o 04. I . 0 if. 0 12  
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1 .  
d i s p l a y e d  unambiguous ev idence  o f  luminescence  a t  t h e  H and 
K l i n e s .  
I n  o r d e r  t o  r e d u c e  m l t i p l i e r  and e l e c t r o n i c  n o i s e  t o  
a n e g l i g i b l e  l e v e l ,  t h e  Sun was f o c u s e d  on t h e  samples  and  t h e  
MgO r e f e r e n c e  w i t h  a q u a r t z  l e n s ,  t h u s  r a i s i n g  t h e  s i g n a l  l e v e l  
by a p p r o x i m a t e l y  a f a c t o r  of 10. The r e s u l t s  a re  shown i n  
T a b l e  3 and i n d i c a t e  a s m a l l e r  e r r o r .  While t h i s  approach  
may n o t  be a p p l i c a b l e  t o  a f i e l d  o p e r a t i o n ,  i t  does  p o i n t  o u t  
t h e  need f o r  a s p e c t r o m e t e r  and sys t em d e s i g n e d  e s p e c i a l l y  f o r  
t h i s  a p p l i c a t i o n  where t h e  o p t i c a l  e f f i c i e n c y  would be v e r y  
much g r e a t e r  t h a n  t h e  sys t em which was a v a i l a b l e  f o r  t h e  p r e s e n t  
expe r imen t .  These d a t a  s u p p o r t  e v i d e n c e  of luminescence  f o r  
a l l  t h r e e  samples  i n  t h e  s p e c t r a l  r e g i o n  o f  t h e  H and K l i n e s  
o f  ca l c ium.  R e s u l t s  o b t a i n e d  a t  t h e  G and  D l i n e s  are  less 
d e f i n i t i v e  because  magnitude o f  i n s t r u m e n t  e r r o r  exceeds  o r  
compr i se s  a s i g n i f i c a n t  p a r t  of t h e  i n d i c a t e d  i n t e n s i t y  o f  
l uminescence .  T h i s  i s  due t o  t h e  f a c t  t h a t  t h e s e  l i n e s  a r e  
na r rower  t h a n  t h e  H and K l i n e s  and luminescence  e n e r g i e s  are  
. 
- 
more d i f f i c u l t  t o  d e t e c t .  
t h e  D l i n e  a t  5893 A,  t h a t  t h e  samples  s t u d i e d  do n o t  l uminesce  
It i s  a l so  p o s s i b l e  i n  t h e  case o f  
0 
i n  t h i s  r e g i o n .  
L ine  p r o f i l e s  which i n c l u d e  u n d e s i r e d  s c a t t e r i n g  o f  
l i g h t  by t h e  g r a t i n g  and t h e  p r e s e n c e  o f  unwanted h i g h e r  o r d e r s  
a t  t h e  d e t e c t o r ,  t e n d  t o  lower and even give n e g a t i v e  v a l u e s  o f  
luminescence .  The D l i n e  f o r  c o l e m a n i t e  i n  Tab le  3 i l l u s t r a t e s  
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t h e  problem o f  l i g h t  s c a t t e r i n g .  The sample abso rbs  t h e  nea r  
W o r  b l u e  l i g h t  more s t r o n g l y  t h a n  t h e  MgO r e f e r e n c e  . (-95% . 
r e f l e c t a n c e  i n  t h i s  r e g i o n ) .  T h e r e f o r e ,  t h e  u n d e s i r e d  s c a t t e r e d  
c o n t r i b u t i o n  from t h e  r e f e r e n c e  i s  g r e a t e r  a t  t h e  d e t e c t o r .  
The u n f i l t e r e d  d e t e c t o r  responds t o  t h e  s c a t t e r e d  c o n t r i b u t i o n  
which i s  superimposed on t h e  s p e c t r a l  s c a n  o u t p u t ,  r a i s i n g  t h e  
Ism/IsM r a t i o  s l i g h t l y .  
low o r  z e r o ,  t h e  measured depth o f  t h e  F raunhofe r  l i n e  w i l l  be 
I f  t h e  sample luminescence i s  v e r y  
g r e a t e r  f o r  t h e  sample t h a n  f o r  t h e  r e f e r e n c e ,  and low or  
n e g a t i v e  v a l u e s  of luminescence w i l l  be measured. An e q u i v a l e n t  
e f f e c t  occur s  from unwanted h i g h e r  spec t rum o r d e r s  a p p e a r i n g  
a t  t h e  d e t e c t o r .  For t h e  D l i n e s  o f  sodium a f i l t e r  w a s  used 
t o  remove t h e  t h i r d  o r d e r  3929 A which would have i l l u m i n a t e d  
0 
t h e  d e t e c t o r  a t  t h e  same time a s  t h e  d e s i r e d  second o r d e r  o f  t h e  
5893 A r e g i o n .  With t h e  f i l t e r  removed, a v e r y  l a r g e  a p p a r e n t  
n e g a t i v e  luminescence was observed and t h e  l i n e  dep ths  were 
v e r y  sha l low.  The d a t a  f o r  "F", 4861 A i s  n o t  i n c l u d e d  h e r e  
s i n c e  no f i l t e r  was a v a i l a b l e  t o  exc lude  t h e  co r re spond ing  
0 
0 
3 r d  o r d e r  l i n e ,  and a s  a r e s u l t ,  l a r g e  n e g a t i v e  luminescence 
was i n d i c a t e d .  
s h o u l d  be used t o  e l i m i n a t e  t h e  s c a t t e r e d  l i g h t  a s  w e l l  a s  
unwanted o r d e r s .  
I n  a l l  c a s e s  narrow s p e c t r a l  bandpass  f i l t e r s  
I I T  R E S E A R C H  I N S T I T U T E  
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3 .  SUMMARY 
A s e r i e s  of  measurements were performed which i n d i c a t e  
t h e  f e a s i b i l i t y  o f  u s i n g  t h e  F r a u n h o f e r  l i n e  d e p t h  t e c h n i q u e  
f o r  d e t e c t i n g  t h e  p r e s e n c e  of  l uminescen t  (and pe rhaps  b i o -  
l u m i n e s c e n t )  s o u r c e s  unde r  d a y l i g h t  c o n d i t i o n s .  Although 
i n s t r u m e n t a t i o n  and a tmosphe r i c  c o n d i t i o n s  were n o t  i d e a l  f o r  
t h i s  i n v e s t i g a t i o n ,  t h e  r e s u l t s  o b t a i n e d  a r e  s u f f i c i e n t l y  
d e f i n i t i v e  t o  w a r r a n t  p u r s u i n g  t h i s  t e c h n i q u e  i n  terms o f  ob- 
t a i n i n g  a n  i n s t r u m e n t  s p e c i f i c a l l y  d e s i g n e d  f o r  t h i s  a p p l i c a t i o n .  
T h i s  p r e l i m i n a r y  i n v e s t i g a t i o n  o f  t h e  l i n e  d e p t h  approach  i n d i c a t e s  
t h e  d e s i g n  needs f o r :  (a)  s p e c t r a l  s c a n  r a t e s  less  t h a n  one 
s e c o n d / s c a n ,  pe rhaps  on t h e  o r d e r  o f  150 s c a n s / s e c o n d  f o r  
a i r c r a f t  o p e r a t i o n ;  ( b )  s p e c t r a l  r e s o l u t i o n s  of 0 .5  A o r  l e s s ,  
p a r t i c u l a r l y  i f  t h e  narrow D l i n e s  o f  sodium a r e  t o  be used ;  
( c )  h i g h  o p t i c a l  e f f i c i e n c i e s  and ,  (d)  narrow s p e c t r a l  band- 
p a s s  f i l t e r s  t o  e l i m i n a t e  t h e  s c a t t e r e d  l i g h t  and  unwanted 
o r d e r s  
0 
P r e s e n t  t h i n k i n g  f o r  a f i e l d - t e s t  p r o t o t y p e ,  a l s o  
s u i t a b l e  f o r  a n  a i r c r a f t  program, would i n c o r p o r a t e  a Fabry-  
P e r o t  t ype  i n t e r f e r o m e t e r  because o f  i t s  o p t i c a l  e f f i c i e n c y ,  
ruggedness ,  and  s m a l l  s i z e .  The g a i n  i n  f l u x  o f f e r e d  by t h e  
Fabry -Pe ro t  compared w i t h  t h e  g r a t i n g  s p e c t r o m e t e r  o f  t h e  same 
a r e a  and r e s o l v i n g  power i s  e s t i m a t e d  a t  a b o u t  100 ( J a c q u i n o t ,  
1954). A s i n g l e  i n t e r f e r o m e t e r  c o u l d  be u s e d  f o r  s e v e r a l ,  
c l o s e l y  spaced  l i n e s  ( such  a s  H and  K ) .  A p h o t o m u l t i p l i e r  
l l f  R E S E A R C H  I N S T I T U T E  
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1 
I 
d e t e c t o r  w i t h  s u i t a b l e  a m p l i f i c a t i o n  would have i t s  o u t p u t  
r e c o r d e d  on t a p e  f o r  subsequent  a n a l y s i s .  A f u l l y  o p e r a t i o n a l  
l i n e - d e p t h  i n s t r u m e n t  c o u l d  be p r o v i d e d  w i t h  a d i r e c t  d i g i t a l  
r e a d o u t  o f  luminescence  i n  r ea l  t i m e .  
It i s  b e l i e v e d  t h a t  i n s t r u m e n t a t i o n  t o  e x p l o i t  t h e  
l i n e - d e p t h  method can be  made s u f f i c i e n t l y  f l e x i b l e . s o  a s  t o  
p r o v i d e  measurements of  a number of  F raunhofe r  l i n e s  s i m u l t a n e o u s l y .  
Such m u l t i - l i n e  o p e r a t i o n  shou ld  improve a b i l i t y  t o  d i s c r i m i n a t e  
between s u b s t a n c e s .  Moreover, t h e  l i n e  dep th  method o f f e r s  
t h e  advan tages  of  d a y l i g h t  o p e r a t i o n  w i t h  a r e l a t i v e l y  h i g h  
i n t e n s i t y  s o l a r  s o u r c e  i n  c o n t r a s t  t o  c u r r e n t  methods f o r  
o b s e r v i n g  luminescence  o u t s i d e  t h e  l a b o r a t o r y  which a r e  no rma l ly  
l i m i t e d  t o  low l e v e l  UV lamps used  a t  n i g h t .  
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